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Pu bl i c a  t i ons : 

a )  U t i l i z a t i o n  of a System Employing t h e  Se lec t ive  Permeation 
of Helium through a Unique Membrane of Teflon a s  an I n t e r f a c e  
f o r  Gas Chromatograph and Mass Spectrometer 

- 38, 1585, 1966. 
Lipsky, S.R. ,  Horvath, C . G . ,  and McMurray, W . J .  Anal. Chem. 

b) The Analysis of Complex Organic Compounds by F a s t  Electrical  
Scanning High Resolution Mass Spectrometry and Gas Chromatography 

Lipsky, S.R.,  McMurray, W . J . ,  and Horvath, C.G. Proceedings 
of t h e  S i x t h  I n t e r n a t i o n a l  Symposium on Gas Chromatography and 
Associated Techniques, Edi tor  A . B .  Littlewood, The I n s t i t u t e  of 
Petroleum, February 1967 ( r e p r i n t s  w i l l  be a v a i l a b l e  by March). 

Direct D ig i t i za t ion  of Fas t  Scan High Resolution Mass Spectra  

Af te r  approximately a year of development work, w e  are de l igh ted  
t o  r e p o r t  t h a t  for t h e  f i r s t  time, high r e so lu t ion  mass spec t r a  
(M/AM 1:10,000 p lus )  have been obtained by d i r e c t  d i g i t i z a t i o n  
of t h e  output  of t h e  mass spectrometer.  
spectrum i s  s to red  d i r e c t l y  on d i g i t a l  magnetic tape .  From a 
second pass of t h e  tape ,  t h e  peak p r o f i l e s  a r e  extracted, the  
c e n t e r s  of t h e  peak determined and with the a i d  of a c a l i b r a t i o n  
compound, t he  times a r e  converted i n t o  accura te  masses and then  
i n t o  elemental  compositions. 
scanning high r e so lu t ion  system whereby da ta  was i n i t i a l l y  obtained 
by recording on high q u a l i t y  analog FM t ape  and then playing 
back a t  a slower speed via  a galvanometer recorder  p r i o r  t o  
d i g i t i z a t i o n  (by means of an analog t o  d i g i t a l  converter) ,  
d i r e c t  d i g i t i z a t i o n  technique permits us t o  u t i l i z e  t h e  f u l l  
dynamic r a t i o  ( s i g n a l  t o  no i se )  t h a t  i s  inherent  i n  mass spectro-  
meter on a s i n g l e  channel. 
were achieved by the  development of t h i s  method. 
able t o  ob ta in  better accuracy i n  t h e  determination of i so tope  
r a t i o s  wi th in  t h e  l i m i t s  of s t a t i s t i c s .  
method a l s o  appears t o  be a much more convenient method of 
opera t ion .  The p r i o r  use i n  t h i s  l abo ra to ry  of FM analog t ape  
as an  intermediate  recording technique while being a genera l ly  
s a t i s f a c t o r y  method of operat ion,  r equ i r e s  s e v e r a l  channels of 
r eco rd ing  t o  approach t h e  dynamic range obtained from t h e  d i r e c t  
method. 
This  i s  now e a s i l y  avoided with t h e  new system. 
direct d i g i t i z a t i o n  method requires less t i m e  i n  processing data 

The d i g i t i z e d  mass 

I n  c o n t r a s t  t o  our previous f a s t  

Yhe 

Several  o ther  outs tanding advantages 

The d i r e c t  d i g i t i z a t i o n  

One i s  now 

On s e v e r a l  occasions it a l s o  gave rise t o  ' t ape  f a i l u r e ' .  
Moreover t h e  
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than  t h e  multichannel analog method. F ina l ly ,  and most important, 
t he  accuracy of mass measurement by both methods i s  on t h e  average 
b e t t e r  than t e n  p a r t s  per mi l l ion .  
t i m e ,  t h a t  t h e  standard devia t ions  i n  t h e  mass measurements 
i s  less f o r  t h e  d i r e c t  d i g i t i z a t i o n  technique than f o r  analog 
t ape  systems employing a s i n g l e  channel of l o g  a t tenuated  information. 

However it appears a t  t h i s  

To provide t h e  u l t imate  i n  v e r s a t i l i t y ,  f l e x i b i l i t y  and 
r e l i a b i l i t y  t h e  system i s  now so arranged whereby a s  a back up 
analog recordings of t h e  mass spec t ra  a r e  made simultaneously 
with direct  d i g i t i z a t i o n .  

The r e s u l t s  of t h i s  e f f o r t  a r e  now being compiled and w i l l  
be submitted f o r  publ ica t ion  within t h e  next  1 - 2  months. 

Enrichment Devices: 

Further  e f f o r t s  have been expended i n  t h i s  l abora tory  t o  
continuously improve t h e  e f f i c i ency  and r e l i a b i l i t y  of enrichment 
devices  which are used t o  i n t e r f a c e  t h e  gas chromatograph with t h e  
mass spectrometer. I n  a p r i o r  r epor t ,  w e  descr ibed a t o t a l l y  
new concept f o r  removing t h e  c a r r i e r  gas (e i ther  helium or hydrogen) 
p r i o r  t o  en t ry  of t h e  chromatographic e f f l u e n t  i n t o  t h e  ion source 
of the  mass spectrometer.  
c a p i l l a r y  tube  which permitted t h e  p r e f e r e n t i a l  d i f f u s i o n  of h e l i u x  
(with some loss  of s o l u t e )  ou t  of t h e  system. Variables determinL7g 
the r a t e  of d i f f u s i o n  of helium a s  well a s  s o l u t e  were descr ibed 
a t  t h a t  t i m e .  
p a r t i a l  pressures  across  t h e  membrane, sur face  a rea ,  flow charac te r -  
ist ics,  etc. ,  t h r u  t h e  tube)  it was theor ized  t h a t  a d d i t i o n a l  
e f f i c i e n c y  made be r e a d i l y  procured by decreasing the th ickness  
of t h e  t e f l o n  membrane. I n  p rac t i ce  w e  found t h a t  t h i s  was a 
d i f f i c u l t  goa l  t o  achieve i f  one adhered t o  a tubular  ( c a p i l l a r y )  
conf igura t ion .  Apparently our present  tubes (0.O2Ott 0.d. x 
O . O I O * l  i . d .  with a O.0OStt wall)  a r e  t h e  t h i n n e s t  systems t h a t  
can be f ab r i ca t ed  conveniently. Since t e f l o n  i n  shee t  form can 
be obtained i n  a wide v a r i e t y  of thicknesses  extending down by 
a t  least  an order  of magnitude (over t h a t  obtained i n  tubu la r  
form) a s i n g l e  and double s t age  system i s  now being designed t o  
t a k e  advantage of t h e  a v a i l a b i l i t y  of t hese  mater ia l s .  
e f f e c t s  of a l t e r i n g  t h e  aforementioned parameters on t h e  o v e r a l l  
e f f i c i e n c y  of t h e  system w i l l  be determined within t h e  next few 
months. 

This  concept u t i l i z e d  a t h i n  t e f l o n  

A f t e r  optimizing the  opera t ing  parameters (temperature,  

The 
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Pyrolysis  S tudies :  
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From work conducted i n  our  l a b o r a t o r i e s  a s  w e l l  a s  others 
throughout t h e  world it has been found t h a t  combined pyrolysis  - 
gas chromatography-mass spectrometry techniques can be exceedingly 
valuable  i n  obta in ing  information i n  t h e  form of a ' f i n g e r p r i n t '  
fragmentation p a t t e r n  which can be he lp fu l  i n  e luc ida t ing  t h e  
s t r u c t u r e  of non-vola t i le  compounds. However, upon c a r e f u l  
examination of t h e  var ious parameters involved i n  t h e  combined 
method, it soon became known t h a t  s l i g h t  a l t e r a t i o n s  here  gave 
rise t o  d i f f e r e n t  pyro lys i s  p r o f i l e s  which accordingly were 
d i f f i c u l t  t o  reproduce from labora tory  t o  labora tory .  
d i f f i c u l t i e s  involved: 

These 

a )  pyro lys i s  temperature and t h e  t i m e  required t o  reach t h i s  
temperature 

b) t h e  na ture  of t h e  c a r r i e r  gas 

c) how pyro lys is  was conducted i . e .  by means of ceramic boats 

1. t h e  flow r a t e  of t h e  c a r r i e r  gas 

or  m e t a l l i c  f i l aments .  
t h e  boat or  t h e  h i s t o r y  (age,degree of c l e a n l i n e s s  e tc . )  of t h e  
f i lament  and t h e  time required t o  reach temperature 

The l a r g e r  t h e  sample, t he  greater t h e  number 
of rearrangements occurr ing which i n  t u rn  usua l ly  gave r ise  t o  a 
larger number of pyrolysis  products, some of which were d i f f i c u l t  
t o  i n t e r p r e t  i n  t h e  l i g h t  of t h e  chemical s t r u c t u r e  of t h e  o r i g i n a l  
s t a r t i n g  material 

R e s u l t s  here  depended upon t h e  mass of 

d )  sample s i z e .  

e)  t h e  design of t h e  pyrolyzer. 

of t h e  pyrolyzer was t o  be avoided 

matographic column has t o  be minimized i n  o r d e r  t o  reduce t h e  
turbulence and enhanced gaseous d i f fus ion  of t h e  v o l a t i l e  p roduc t s  
which would g ive  rise t o  poor r e so lu t ion  of the e l u t e d  peaks. 

Because of these  observations it is apparent  t h a t  new design 
concepts f o r  a pyro lys i s  system have t o  be developed f o r  a p r o t o -  
type  labora tory  version of a miniature p r e f l i g h t  gas chromatograph- 
mass spectrometer instrument. Other techniques  f o r  rap id  p i n  po in t  
hea t ing  by means of r a d i o  frequency o r  laser systems w i l l  have t o  
be explored. 
f o r  t e s t i n g  within t h e  next 3 t o  4 months. 

1. 

2.  The 'dead' zone between t h e  pyro lyzer  and t h e  ch ro -  

Condensation of v o l a t i l e  products on t h e  wal ls  

, 

We expect t o  have a new p y r o l y s i s  system ready 
P r a c t i c a l  t e s t s  w i l l  
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then be ca r r i ed  out on 10-20 milligram q u a n t i t i e s  of some 20 
' .  d i f f e r e n t  types of ' s o i l '  samples. Known q u a n t i t i e s  of a d i f f e r e n t  

a r ray  of pure organic compounds w i l l  be added t o  d i f f e r e n t  
' s t e r i l e '  s o i l  c a r r i e r s  and analyzed by t h i s  system. 

I 

It i s  hoped t h a t  a simple,  r e l i a b l e  and reproducible system 
can be obtained which w i l l  allow one t o  determine the  presence 
of pyrolysis  products t h a t  a r e  e a s i l y  i d e n t i f i a b l e  by means of 
t h e  gas chromatography mass spectrometry system now being designed 
for t h e  Voyager landing mission i n  t h e  1970's. 
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